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We studied the development of the inverted yolk sac in a New World rodent, Necromys lasiurus during
early placentation. Ten implantation sites were investigated by means of histology, immunohisto-
chemistry and electron microscopy. The yolk sac was villous near its attachment to the placenta. Else-
where it was non-villous and closely attached to the uterus. The uterine glands were shallow and wide
mouthed. They were associated with vessels and ﬁlled with secretion, suggesting the release of histo-
troph. This feature was absent at later stages. The intimate association of the yolk sac with specialized
glandular regions of the uterus may represent a derived character condition of Necromys and/or sig-
modont rodents.
 2012 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
The rodent yolk sac persists throughout gestation, yet its
functions are not well understood [1,2]. The visceral yolk sac is
inverted such that the endoderm faces the uterine lumen and
endometrium [2]. Its functions likely include histotrophic nutri-
tion [2e4], although it also is associated with antibody transfer
[5], hematopoiesis [6,7] and hormone synthesis [8]. Only a small
number of species has been studied and especially the early
stages of yolk sac development are seldom described [9]. In the
course of a wider survey of placentation in Sigmodontinae or New
World mice [10] we noticed an unusual feature of the yolk sac
during early placentation in the hairy-tailed akodont (N. lasiurus
Lund, 1841). This is a small rodent of 60 g body mass and
a gestational period of 23 days, widely distributed in South
American savannas [11].
2. Methods
Ten implantation sites of N. lasiurus, derived from four females and ranging from
day 10e14, were obtained from a breeding group at the University of Mossoró,
Brazil. Following a previous study [10], samples were examined by means of light
microscopy (hematoxylin and eosin, periodic acid-Schiff (PAS)), immunohisto-
chemistry (vimentin, proliferating cell nuclear antigen (PCNA)), scanning and
transmission electron microscopy.vier OA license.3. Results and discussion
The inverted yolk sac was villous near its attachment to the fetal
surface of the chorioallantoic placenta. The villi were well vascu-
larized. The endoderm formed an outermost layer of cells hexag-
onal in shape with numerous microvilli (Fig. 1A,B). Electron dense
droplets and vacuoles (Fig. 1B) and a positive response to PAS
(Fig. 1C) indicated activity in glycosylation processes. Cells of the
endoderm and the mesodermwere active in proliferation (Fig. 1D).
These characteristics were maintained throughout gestation [10],
and occur in related species [10,12,13].
Distal to the placenta the yolk sacwas not villous, andwas closely
attached to the uterinewall (Fig. 2A). Numerous vesselswere seen in
the yolk sac mesoderm (Fig. 2A). The uterine glands were rather
shallow and wide mouthed giving the appearance of indentations
from the surface. They were associated with blood vessels and
connective tissue (Fig. 2B). The uterine glands were lined with high
columnar epithelium thatwas negative tovimentin (Fig. 2B). Cells in
these areas reacted positively to PAS, as did those of the yolk sac
mesoderm and endoderm (Fig. 2C). In addition, the material in the
lumen of the glands as well as that between the uterus and the yolk
sac was PAS positive (Fig. 2C). Cells in the connective tissue around
the vessels were active in proliferation (Fig. 2D). These data suggest
that a transfer of histotroph via the non-villous areas of the yolk sac
may occur during early placentation. However, the close association
disappeared at later stages when only loose contact occurred [10].
Likewise in related species [10,12e18] the visceral yolk sac seems to
Fig. 1. Visceral yolk sac near the chorioallantoic placenta. (A) Day 14. SEM. The endoderm cells (ENDO) were hexagonal in shape. (B) Day 13. TEM. The apical surface was covered by
microvilli. Vacuoles (V), electron dense inclusions and dense droplets (arrows) occurred in the cytoplasm. (C) Day 11. PAS. Positive response of the endoderm cells (arrows). (D) Day
11. PCNA. Proliferating activity was high in cells of the endoderm and mesoderm (arrows). Negative control performed by using mouse IgG as the primary antibody [10].
Fig. 2. Contact between yolk sac and uterine wall at day 10. (A) Hematoxylin and eosin. The endoderm (ENDO) of the visceral yolk sac (VYS) attached to areas of the uterus (UT) that
were rich in glands (arrows) and associated with blood vessels (V) in the uterine endometrium (UT END). (B) Vimentin. The uterine glands were shallow and lined with high
columnar, vimentin-negative epithelium (EPI), associated with vimentin-positive connective tissue (arrows) and vessels. (C) PAS. Positive response occurred in the uterine
epithelium and in the yolk sac tissues (arrowheads). In addition, the material in the lumen of the glands (arrows) as well as that between the uterus and the yolk sac was PAS
positive too. (D) PCNA. Cells in the visceral yolk sac (VYS), especially those of around the vessels (V) and facing towards the embryo were active in proliferation (arrows). Negative
controls (B,F) were performed with mouse IgG [10].
P.O. Favaron et al. / Placenta 33 (2012) 578e580580be in less intimate contact. In the Eurasian water vole (Arvicola
amphibius), another cricetid rodent, the embryo develops within an
implantation chamber and there is no contact between yolk sac and
uterus until shortly before parturition [12]. In the golden hamster
(Mesocritus auratus), also a cricetid, the visceral yolk sac was facing
the uterine epithelium; however, no intimate association nor gland
structures as describedhere could be inferred fromtheﬁgures or the
text of relevant publications [16,17]. The same seems to be the case
for the striped desert hamster (Phodopus sungorus) [18]. The close
association of the visceral yolk sac to specialized regions of the
uterus that possessed simple branched, wide mouthed glands
during early placentation may represent a derived character
condition of Necromys and/or sigmodont rodents.Acknowledgements
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